A protein recognizing apolipoproteins A1, AH and AIV was purified from cultured mouse adipose cells of the Obl7MT18 clonal line. Apolipoprotein A binding sites were solubilized in the presence of proteinase inhibitors using the nondenaturating detergent CHAPS. Chromatography of the soluble extract on DEAE-Trisacryl was followed by immunoaffinity chromatography of the complex apolipoprotein A,-binding proteins on anti-(apolipoprotein AI) coupled to Sepharose 4B and then by h.p.l.c. on an RP-Select B column. A 1400-fold purification over the starting crude homogenate was achieved. The purified material contained two proteins that were both able to bind apolipoproteins A1, AII and AIV) but not low-density lipoprotein. Glycopeptidase F treatment showed the existence of a single protein bearing either N-linked high-mannose or complex oligosaccharide chains. The purified material showed an apparent molecular mass of 80 + 9 kDa by h.p.l.c. on a TSKG 3000 SW column. Rabbit polyclonal antibodies directed against the purified material revealed two protein bands of 80 and 92 kDa after SDS/PAGE under reducing conditions and immunoblotting. These bands were undetectable in growing Obl7PY cells previously shown not to bind the various apolipoproteins A and not to undergo cholesterol efflux, whereas they were conspicuous in growth-arrested Ob17PY cells which have recovered these properties.
INTRODUCTION
Plasma levels of high-density lipoproteins (HDL) are inversely correlated with the incidence of coronary heart disease [1] . HDL are believed to be involved both in the flux of cholesterol into cells of steroidogenic tissues and in the efflux of cholesterol from cells of other peripheral tissues for excretion by the liver [2] . Among peripheral tissues, adipose tissue has long been known for its ability to accumulate, store and, when needed, mobilize a large pool of unesterified cholesterol in both humans and rodents [3, 4] . We have shown previously that cultured adipose Obl771 cells (a subclone of parental Obl7 cells established from mouse epididymal fat pads) have specific receptor sites for apolipoprotein-E-free HDL, and that apolipoproteins A, and AI1 (apo A, and A11) [5] , as well as apo AIV [6] , are the ligands for these sites. The saturable sites recognizing apolipoproteins are present in intact cells and crude membranes and show in both cases similar binding properties [5] . Moreover, following accumulation of cellular unesterified cholesterol by exposure of Obl771 adipose cells to low-density lipoproteins (LDL), the addition of HDL3, apo-A1-containing liposomes [5] or apo-A,v-containing liposomes [2] promotes cholesterol efflux. In contrast, apo-A11-containing liposomes do not [5] . These results suggest that apo AI1 seems to behave as a typical 'antagonist' and are in agreement with our report showing that lipoprotein particles containing apo A, (LpA1 particles) but not lipoprotein particles containing apo A, and apo AI1 (LpA1: A11 particles) promote cholesterol efflux from cultured adipose Ob 1771 cells [6] . In agreement with the role postulated for apo A1, receptor sites recognizing this apolipoprotein are detectable by cross-linking experiments at the cell surface of Obl 771 cells [7] . The critical role of these receptor sites in cholesterol efflux was strongly suggested by experiments using parental Ob17 cells after transformation by the complete early region of polyoma virus (Obl7PY cells) [8] . Thus growing Obl7PY cells showed levels of LDL and transferrin receptor sites similar to those of Ob1771 cells, whereas no binding of HDL3, apo A, or apo A1 was observed [7] . After thymidine block, growth-arrested Obl7PY cells recovered the ability to bind these ligands within a few hours, and this recovery was prevented by actinomycin D or cycloheximide. Following cholesterol accumulation in the presence of LDL cholesterol, subsequent exposure to HDL3 or apo-A1-containing liposomes promoted cholesterol efflux from growth-arrested Obl7PY cells as well as from growing and growth-arrested Ob1771 cells [7] . In this study, we report the purification from Obl7MT18 Obl7MT18 cells were obtained after transformation by the middle-T-only gene of polyoma virus [8] . They were used for purification of receptor sites of apo A since they showed a 3-fold enrichment of the latter compared with parentalObl7 cells.
Obl7MT18 cells were grown on 180 Itm Cytodex I microcarrier beads. Obl7PY cells were grown in 100 mm-diam. dishes (Falcon) to favour firm attachment; under the conditions used, both actively growing cells and cells which had been growth-arrested by thymidine block [7] were still dispersed and did not show any intercellular contacts.
Cells were cultured in the presence of Dulbecco's modified Eagle's medium supplemented with 3 % fetal bovine serum, 35 /LM-biotin, 17/M-pantothenate and antibiotics as previously described [5] . This medium was changed every other day. [18] [19] [20] [21] [22] [23] [24] Cell homogenates were prepared using a Dounce homogenizer (10 strokes with pestle A and 20 strokes with pestle B) and icecold buffer B. A final protein concentration of about 2 mg of protein/ml was obtained (measured by the Bio-Rad procedure, with BSA as a standard). All operations were carried out at 4 'C.
After addition of EDTA (1 mm final concentration), the postnuclear supernatant was obtained by a centrifugation at 900 g for10 min. After centrifugation of this supernatant at 105000 g for 60 min, the membrane pellet was resuspended and solubilized (2 mg of protein/ml) in buffer C sterilized by filtration through a 0.45 ,um pore size filter. Buffer C contained 50 mM-Tris/HCI buffer, pH 7.4, 2 mM-CaCI2, 50 mM-NaCI, 0.1 mM-PMSF, I mmiodoacetamide, I mM-1,1 0-phenanthroline, 1 /SM-pepstatin, 30 % glycerol and 30 mM-CHAPS. The suspension was sonicated twice for 30 s at a setting of 50 W. After 16 h, the undissolved material was removed by centrifugation at 105 000 g for 60 min. The CHAPS-solubilized extract were used immediately for purification as described below. Apolipoprotein labelling and binding assays
The procedure of Bilheimer et al. [12] was used for the radioiodination of LDL: the specific radioactivity varied between 150 and 500 c.p.m./ng of protein. Binding of LDL was measured according to Schneider et al. [13] ; non-specific binding, determined in the presence of a 100-fold excess of unlabelled LDL, ranged between 25 and 40 %. Radioiodination of apo A, AII and AIV was carried out using 1261 as described by Sinn et al. [14] ; the specific radioactivities ranged between 1000 and 5000 c.p.m./ng of protein. Complexes containing apolipoproteins and L-adimyristoyl phosphatidylcholine (DMPC) were prepared by the cholate dialysis procedure as described for apo-A,-containing liposomes by Chen & Albers [15] (molar ratio of phosphatidylcholine/protein = 150:1). The Stokes radius was estimated to be 100(+ 10 A (104 1 nm). Binding of labelled apolipoprotein to intact cells (35 mm dishes) or to the various fractions obtained during purification was performed for 2 h at 4°C in buffer C as previously described [7] , except that the incubation volume was 0.1 ml. Labelled apolipoproteins were either used directly for binding (procedure 1) or complexes containing apolipoproteins and DMPC were first prepared (procedure 2, see below). Nonspecific binding was determined in parallel experiments by measuring the amount of bound radioactivity when incubations were carried out in the presence of a 100-fold excess of the corresponding unlabelled apolipoprotein-DMPC complexes.
Values of non-specific binding varied from 30 to 40% for apo AI, from 20 to 30% for apo AII and from 15 to 20% for apo AIV.
The ratios of bound to free 125I-apolipoprotein-DMPC complexes were plotted against bound complexes according to the method of Scatchard [16] . Two [17] . In procedure 2, the separation of bound from unbound labelled ligand was achieved by ion-exchange chromatography. Duplicate aliquots (50 ,l) were applied on 0.1 ml columns of DEAE-Trisacryl equilibrated with 150 mMNaCl. Under these conditions, unbound apos AI, AII and AIV did not bind to the resin, whereas receptor proteins with bound ligand remained on the column and were only eluted at higher salt concentrations (see Fig. 1 ). Therefore, after washing the column five times with 1 ml of 150 mM-NaCl, receptors bound to labelled ligand were eluted with I ml of 300 mM-NaCI. The radioactivity was then determined as described above. The specific activities were expressed in pmol of apo A bound/mg of protein. When control experiments were performed with procedure 2 to determine whether fatty-acid-free BSA binds to labelled apo A, (see Results), elution was performed at 500 mMNaCI.
DEAE-Trisacryl chromatography
This was performed at 4°C at a flow rate of 0.5 ml/min. The CHAPS-solubilized material (-100 ml) was applied to a column of DEAE-Trisacryl (1.5 cm x 15 cm) equilibrated in buffer C.
The column was then washed with I litre of buffer C. Binding activity was eluted with a 60 ml linear gradient of 50-350 mmNaCI in buffer C. For each fraction (3 ml), the binding of apo-Ai-DMPC complexes (procedure 1) and protein content were determined. The fractions containing the binding activity were combined (5-7 fractions) and used subsequently.
Immunoaffinity chromatography
Preparation of the immunoaffinity column. The IgG fraction from rabbit serum directed against human apo AI was first prepared. Then, specific polyclonal antibodies against apo ,AI were isolated by passing the IgG fraction over a CNBr-activated Sepharose 4B column to which apo A, had been previously coupled; once purified, the specific antibodies (100 mg) were coupled to a CNBr-activated Sepharose 4B column (5 mg/g of gel) [18, 19] . buffer A. After suspension in the minimum volume of the same buffer (20 ml), the gel was poured into a 1.5 cm x 30 cm column. Elution was performed by addition 40 ml of 3 M-KSCN. This dissociating agent was immediately removed by chromatography on a column of Sepharose G-25 (1.5 cm x 20 cm) which was equilibrated with buffer A and connected to the exit of the immunoaffinity column by plastic tubing (0.1 cm x I0 cm). The eluate (-50 ml) was immediately placed on a 1 ml column of DEAE-Trisacryl equilibrated with 150 mM-NaCl. After rinsing the column with 100 ml of 150 mM-NaCl, the binding activity was eluted with 2 ml of 300 mM-NaCl. A 1.5 ml sample was diluted 2-fold with buffer D (50 mM-Tris/HCI buffer, pH 7, containing 30 mM-CHAPS, 0.1 mM-PMSF, 1 mM-iodoacetamide, 1 mM-l,10-phenanthroline and 1 juM-pepstatin); this sample was used for molecular sieving and glycopeptidase F digestion as described below. The remaining undiluted sample (0.5 ml) was used directly for h.p.l.c. on an RP-Select B column. H.p.l.c. on a TSKG 3000 SW column For molecular sieving, a TSKG 3000 SW (1.25 cm x 60 cm) column (LKB, Stockholm, Sweden) was used. Protein obtained by immunoaffinity chromatography, concentration on DEAETrisacryl column and dilution with buffer D was injected (2 ml). Elution was performed at a flow rate of 0.3 ml/min with buffer D. The effluent was monitored at 254 nm and 1 ml fractions were collected and stored at -20°C until assayed.
Gel electrophoresis
Proteins were analysed by PAGE under reducing conditions according to Laemmli [19] with 10% separating gels in the presence of SDS.
Digestion with glycopeptidase F
A sample of 0.5 ml of binding protein in buffer D from immunoaffinity chromatography was treated for 2 h at 37°C in the presence of 10 m units of glycopeptidase F/ml. After digestion, the mixture was directly analysed RP-Select B column, as described above.
Antibody preparation by h.p.l.c. on an Polyclonal antibodies were raised in a rabbit according to Sigel et al. [20] against a purified preparation obtained by immunoaffinity chromatography. Briefly, a solution (20#g in 50 u1 of 300 mM-NaCI) of the protein mixture (see Fig. 2 ) was emulsified with an equal volume of Freund's complete adjuvant and injected into the left popliteal lymph node. After 3 weeks, 40,ug in incomplete adjuvant was injected subcutaneously at four sites in the back; 1 week later, the same procedure was used. After a further I week, the rabbit was bled weekly (20 ml of blood) for 3 weeks without booster injections. All antisera were filtered through 0.45 ,tm pore size filters and stored at -20°C. The first antiserum preparation was routinely used at 1: 500 dilution for immunoblot experiments carried out according to Towbin et al. [21] .
RESULTS
Solubilization of the apo A binding sites and properties after
DEAE-Trisacryl chromatography
The first critical step in the purification of the binding proteins was the near-complete solubilization of crude membranes from Obl7MT18 cells by the zwitterionic detergent CHAPS (see Table 1 ). In comparison, octylglucoside, which was used for the solubilization of the apo B,E (LDL) receptor [13] , proved to be less efficient than CHAPS. The solubilized binding proteins were stable for at least a few hours at 37°C and for up to 2 weeks at 4°C in buffer C; they were completely inactivated by trypsin treatment (0.2 mg/ml for 1 h at 37°C). The second step in the purification of the solubilized binding proteins was anionexchange chromatography of CHAPS extract on a DEAETrisacryl column. Approx. 40 % of the proteins remained bound to the column. Elution was then carried out with a linear gradient of 50-350 mM-NaCl (Fig. la) . More than 70% of the apo AI binding activity was eluted as a single peak at 230 mmNaCl, whereas the apo B,E receptor activity was eluted earlier as a single peak at 180 mM-NaCl. This Fig. 1(b A1-DMPC complexes led within 90 min to a complete displacement of bound radioactive ligand. As shown in Fig. I(c) , the binding of 125I-apo A1 to the purified fraction was saturable, with a single class of binding sites with a Kd of about 1.8 /um, similar to the Kd value of I ,#M previously determined in intact cells [5] .
Immunoaffinity chromatography Since the dissociation rate of the ligand from the binding proteins was relatively low, we took advantage of this observation for a subsequent purification step by immunoaffinity chromatography. Apo-A1-DMPC complexes were first bound to the purified fraction until equilibrium was reached (2 h at 4°C). The ligand-receptor complexes were then recognized by polyclonal antibodies directed against apo A, and coupled to Sepharose 4B. This process was fast enough for recognition of the complex mediated by means of apo Al, despite the fact that some dissociation of the binding protein(s) was also occurring. Binding proteins that remained bound specifically to the affinity column were eluted with 3 M-KSCN (immediately removed by chromatography on Sephadex G-25).
At that stage, to gain some insight into the apparent molecular mass of the binding proteins purified by immunoaffinity chromatography, gel filtration was performed by h.p.l.c. using a TSKG 3000 SW column. The elution profile is shown in Fig. 2 Apolipoprotein A binding protein of adipose cells H.p.l.c.
The resolution and final purification was accomplished by h.p.l.c. on an RP-Select B column using a linear gradient of 0-100 % acetonitrile. As shown in Fig. 3(a) , seven minor bands and two major bands (peaks 2 and 3) were detected. The first major band had a shoulder (peak 1) which was identified by its elution time as BSA (Fig. 3b) ; this contaminant probably originated from the culture medium, since Obl7MT18 cells were grown in the presence of 3 % fetal bovine serum. Binding assays were performed on the various peaks; the bulk of binding activity was confined to peaks 2 and 3. In each case, the binding of labelled apos A, AII and AIV was observed (see Table 2 ).
To exclude the possibility that the binding activity of peak 2 was due, at least in part, to BSA, various binding assays were performed using fatty-acid-free BSA. With both binding assays (10 ,ug of BSA per assay), as well as in competition experiments between BSA and solubilized membranes of Obl7MT18 cells for '21I-apo-A -DMPC complexes, the binding activity of BSA was below the limits of detection.
Fractions 33 and 35, which contained the maximal binding activity of peaks 2 and 3 respectively were rechromatographed under the same conditions. The elution profiles in Figs. 3(c) and 3(d) show for each fraction a single peak with elution times identical with those in Fig. 3(a) . These results indicate the homogeneity of the protein eluted as peak 3 and also that of the second half of peak 2, which was not contaminated by serum albumin. Table 1 summarizes the purification data obtained in a representative experiment (one out of ten different experiments) carried out under optimal conditions; the final specific activity was very similar to the theoretical value calculated for a 92 kDa protein with one apo A, binding site. No specific binding of LDL could be detected in the elutate from immunoaffinity chromatography or in the eluate from h.p.l.c.
As shown in Table 2 membranes, which showed two protein bands [7] , the results of Vol. 269 771 mixture of peaks 1, 2 and 3 with glycopeptidase F, the whole incubation medium was analysed by h.p.l.c. using the same RPSelect B column. The elution pattern in Fig. 3(e) indicates the presence of four peaks. The first peak corresponds to glycopeptidase F, since the chromatography of the enzyme alone showed that glycopeptidase F was eluted with the same elution time under these conditions (Fig. 3J) . Glycopeptidase F treatment led to a large decrease of peak 2 with a corresponding increase of peak 3, whereas the integrated value of peak 1, identified as the non-glycosylated serum albumin (Fig. 3b) , remained unchanged after glycopeptidase F digestion. Altogether, these results indicate clearly that peak 2 is a glycoprotein whereas peak 3, the elution time of which remains unchanged after glycopeptidase F digestion, corresponds either to a non-glycosylated protein or to an O-glycosylated protein.
Immunoblot experiments CHAPS extracts of Obl7MT18 cells, growing Obl7PY cells and growth-arrested Obl7PY cells were subjected to SDS/PAGE analysis under reducing conditions, electrophoretically transferred to nitrocellulose, and probed with the antibody preparation obtained after injection into rabbits of the mixture of peaks 1, 2 and 3. The blots were treated with peroxidaseconjugated goat anti-(rabbit IgG) and processed as described in the Experimental section.
The staining patterns of Fig. 4 demonstrate that the rabbit antibody preparation reacted with two major bands in CHAPS extracts of Obl7MT18 cells (lane a). These two bands, with apparent molecular masses of 80 and 92 kDa, were undetectable in a CHAPS extract of growing Obl7PY cells (lane c), which showed no binding activity towards apos Ai and AI, [7] or towards apo AI, (results not shown). However, they became clearly detectable in CHAPS extracts of growth-arrested Obl 7PY cells (lane e), which recovered the binding activity towards both apos A, and AI, [7] and apo AIV (results not shown). The bands of 80 and 92 kDa were not detected when using the non-immune control serum, whereas various bands of lower molecular mass, including one band at 66 kDa, were detected with both the [7] . This situation is similar to that observed in skin fibroblasts where a large proportion of LDL-binding activity is also present within the cells (R. Barbaras, unpublished work). Therefore both cell-surface and intracellular binding sites were purified in the present study, but it must be recalled that the affinities of these binding sites for their ligands were very similar in intact Ob17 cells and derived crude membranes [5, 7] and that the binding parameters were found to be very similar for intact Obl7MT18 cells and for the fraction purified from these cells by DEAE-Trisacryl chromatography (Figs. lb and lc) . Thus However, the fact that apo A receptors not containing N-linked oligosaccharide chains still showed binding activity is reminiscent of similar observations made on LDL receptors synthesized in human fibroblasts in the presence of tunicamycin, which showed that their binding activity was unimpaired [23] . It has been reported that the molecular masses of the proteins that bind apos A, and A1 in various tissues of different species range from 72 kDa [24] to 110-120 kDa [25, 26] . Although we cannot exclude the possibility that some proteolysis still occurred under our conditions, it is equally possible that the differences in molecular mass observed by various investigators are due to differences in the degree of glycosylation of the receptor molecules. Up to now, the question of involvement in cholesterol efflux of cell-surface binding sites has remained unsettled, as evidence in favour [7] and against [27] this possibility has been presented. Our previous studies had shown that no cholesterol efflux was taking place in growing Obl7PY cells which cannot bind HDL3 and the various apos A [7] . However, cholesterol efflux recovered in growth-arrested Obi 7PY cells at the same time as the binding properties for these various ligands reappeared [7] . Our present observation that the two protein bands of 80 and 92 kDa (detected by immunoblots of CHAPS extract from Obi 7MT1 8 cells) were undetectable in growing Obl7PY cells, but became detectable in growth-arrested Obl7PY cells, favours a critical role for the apo A receptor in cholesterol efflux. We have previously shown that apos Ai and AIV behaved as agonists and apo Al, as an antagonist of cholesterol efflux [5] . The observation that, both in intact cells and after receptor purification, approx.
1 mol of apo AIl is bound per 2 mol of apo AI or apo AIV (Table 2 ) remains unexplained. Among hypotheses to explain this difference, it is possible that the functional apo A receptor, required for cholesterol efflux but not for binding activity (Fig. 2) , is a dimer of two single polypeptide chains. This dimeric structure would be able to recognize either I mol of the dimeric apo Al, or 2 mol of the monomeric apo AI or AIV. If so, we envision that the binding of 1 molecule of apo A, (or AIV), but not of apo AII' might induce a conformational change, allowing the binding of a second molecule of apo A, (or AIV) and the formation of an activated receptor.
